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ABS’1’RAC’1’

‘1’hc laboratory s~{b]llilli]llctcr-w:ive  rotational spcctrLIIn of the 13CX13CN,

Cl 1313CN, ancl the C113C15N isotopcmm of methyl cyanicle  has been observed  in natural

abundancw iJ) t hc 294 to 607 CIH z. regicm. ‘J’hc ]naximum J and K values  arc 34 and 14,

rcspcctivcly.  l;iftecn additional C113C.N transitions up to K=21 were also measured. ‘1’hc.

transitions of all four spccics arc fitted to a symmtric top IIamiltonian  and the rotation and

distortion constants are determined. The ldN quachwpole  and spin rotation coupling

constants arc also calculated and presented. Su{:gestcd  values for many olhcr parameters

which codci not bc directly dctcrminccl  from the isotope spectra are calculated from the

normal specie.s values and isotope relationships. “1’hc dctcrminccl  ancl calculatd  constants

S11OLI1C1 prc(iict the spectrum of the three isotopomcrs  to well over 1 T}lz accurately enough

for astronomical assignments.

,’ilfhjec~  headin~.v  intcrstel]ar: molcculcs - laboratory spectra - line identification - molecular
pmccsscs
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1. IN”J’ROI )IJC’J’lC)N

Methyl cyanide or acctonitrilc  is a WCII known inkmtcl]ar  molecule with clcnsitics  in

some sources cxcecding  1 x106 cnl-3 (Sutton ct al. 1986). l’he normal spccics was first

detected in the interstellar medium by SoloJno~I,  Jcffcrts, Panzias, ?Y Wilson (1971). Since

that time rotational transitions of the two sinp,] y substituted 13~ isotopes (Clnmil]s ct al.

19S3 ancl Sutton ct al. 1985), the 365.01S965(12) cm-] (Koivusaari,  IIorncnmn,  & Anttila

1992) VS= 1 bending state of C313~N (Goldsmith et al. 1983), and the C3121XN spccics

(Gcrin ct al. 1992) have been observed. Methyl cyanide hzis been clctecteci  in nearby

galaxies (Maucrsbcrger ct al. 1991) and used to make maps of star forming re,gio]ts  (c.E.

}Iabling  & Macdonald  1991 and Olmi, ~csaroni, & Walmslcy  1993). Rotational

temperatures of over 200 Kelvin (e.g. Sutton et al. 1986) have been reported in some hot

cores, At such high temperatures, ~.113C-N significantly populates states which have.

transitions far into the sL]bn]illin]cter  rc.gion. CJ’hc rapid ckwclopmcnt of very sensitive

receivers working far into the sLlbmi]]inlclcl”  and their LIse.  in surveys of hot sources has

proviclcc]  an L]rgent  need to cxtmcl the range of c]uantum nLlmbcrs  where spccics known to

exist in these soLlrces  can bc accLlratcly prcdic[ccl.

Methyl cyanicle  is a textbook example of a prolate symmtric  top featuring a large

dipo]c moment, po = 3.92197 (13) IIcbyc (Gaclhi et al. 1995) and Iq) = 3.9256(7) for

~113~lsN  (Mite, Sakai, & Katayama 1984). Since it is a symmetric top (~3J symmetry),

it fcatLwes  closely spaced transitions at very cliffcrent  energies in two distinct non--

interacting symnlctries A and 11 with K=3n an(i K#3n (n=O, 1,2,3...), rcspcctivcly.  I’he

high :lbLIIldal~CC of C313C~N  and its synmctric  top spectra] pattern makes it an excellent

probe of tcnlpcratLlre and excitation in a nLImbcr of regions (e.g. Cumrnins et a]. ] 983,

1,orcn & MLIIIdy 1984, SLltton et at. 1986, and Bishop 1990.). 3’lIc relative abundance of

the A and E symmetries has also been a sLlbjcct  of intcmst  (e.g. Sutlon et al. 1986). “1’hc

transitions of the 013]  ~~N spccics  C1OSCI y track the normil species with the K=O

transitions in the sLlbnli]]imctcr  typica]]y appearing near the K=6 normal spccics  transition.
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The 1T113~N ancl the 013C~1  ‘N spccics have transitions appearing in the same spectral

regions but arc well separated from the normal species due their smaller B rotational

constants.

Methyl cyanide was one of the first molecules studied with microwave

spectroscopy (Ring et al. 1947). A thorough summery of investigations before 1980 was

published by Bouchcr et al. (1980). Between 1980 and now the normal species

measurements were extended well into the sublnillimetcr  with a variety of techniclues

(I]ocquct et al. 1988, Pavonc  et al, 1990, Gr]otti, Di 1.onardo,  & I:usina 1988, and

Brown, IXmgoissc, & Dcmaison  1988). With the exception of some Russian work without

published transition frcqucncics,  (1121XN was the only isotope to bc studied in the

submillimctcr region (1..e Chcnnec  et al. 1992) ancl subscc]uent]  y observcci  (Gcrin et al.

1992). in this paper, wc repor( submillimctcr  measurements of the 13C3 13~N, U 13] 3~N

an[i 013~1 ‘N isotopomcrs.  in addition to the isotopic species wc report a thorough

analysis of the normal species including a few new high K transitions. The higher  order

013C~N parameters arc used in corljunction with isotope relations to derive a suggested set

of higher order constants for the isotopic species. Prcclictions through J=99 for nlcthyl

cyanide and its isotopomers  are too lengthy to publish here, but they arc available on-line

from the JP1. spectral line catalog at sI)cc.jI?l.Ilas:I.  gov or by anonymous ftp at the same

site.

2. I;X1’1RIA41;  N’I’AI .

~’he sample of CH3CN was obtaind  commercially from Matheson,  COlcman, and

Bell and required no further purification. h4casuren~cnts  were made with tone burst

modulation on 100 CiIlz phase lockecl  klystro]ls driving point contact harmonic generators.

Second clcrivative detection Llsing a 4.2 K lnSb hot electron bolome.tcr was employed. ‘1’hc

data were digitized  clircctly by a conlpLlter  for further analysis. Measurements were made at

room temperature in a (iouble pass polari~.atio]l  rotatins  one meter cell. 3’hc (ictails  of this
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spectrometer s ystcm arc describec] elsewhere (1 ‘riedl et al. 1995). All nmasLmm~cs~ts  were

nmlc  in natural isotopic abundance at pressures of 1-10 mill itorr, Iligher  pressures

resulted in excessive pressure broadening due to the 1 argc dipole moment. Measurement

accuracy is estin~atcd to be 30 kHz for the strongest low K transitions up to 150 k}~z. for

(hc weakest transitions.

Initial predictions for the three isotopic spccics were based cm an analysis of the

da(a in Boucher et al. (1980). These predictions facilit atecl  rapid assignment the obscrve(i

spectra in the 290 to 442 ~IHz region. The 606 ~JI1~, transitions were predicted with the aid

of the newly measured transitions anti were once again reaclily  assignable. Initial normal

spccics  predictions were the result of an analysis of the existing data discussed in the

following section. As expcctcd,  only small deviations within the predicted 1 G unccrtaint  y

from the initial line positions were observed at the higbcst  K vaiucs.

3, ANAI.YSIS

The ~H3C;N analysis LNed the data in 130uchcr  ct al. ( 980), Pavonc ct al. ( 990),

130cquet  ct al. (1988), Kukolich  et al. (1978), and Kukolich  (1982) along  with the 15

newly measured transitions reporlcd  in Table 1. The lower resolution measurements from

a variety of sources were not included in the analysis. The transitions rcportcrl  in Kukolich

et al. (1978, 1981) with rcsolvecl hydrogen hypcrfinc  were averaged accorciing to relative

intensities into ‘4N quadrL1pole  hypcrfinc  components, The ] 3~113~N  anal ysis used

transitions reported in F30uchcr et al. (1980) and the 55 new measLmcn~cnts  rcportecl in

Table 2, The J= 1 +-0 transition was n~casLlrcd  at the lJnivcrsity  of British ~o]Lln~bia  with a

Fourier transform microwave spcctron~eter  ciescribcci in (Xu, Jiigcr, & Gerry 1992)

The, CY131 WN anal ysis used the transitions reported in Boucber et al. ( 1980),

Kukolich  et al. (1978, 1982) and the 39 new measuren~ents  reported in Table 3. The

mcasurenlcnts of Kukolicl~  ct al. (1978, 1981) appear to bc slightly Icss prccisc  than in the

normal species dL]e to the a(iditional complication of the I ~[~ spin. The J= 1 +0 transition
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w:~src-lllcastlrcclat  t}~clJI~ivcrsity  of13ritisll  ~(JlL11~lbia:i~}cl  wasincxcellcnl  agreclncnt  with

the Kulmlich  et al. (1978) mcasurcmcnts  used in the analysis. ‘l-hc 013~lsN analysis

USCCI  transitions reportcc]  in Bouchcr  ct al. ( 1 980) ancl [he 37 newly measureci transitions in

“J’:lb]c 4. I’]Ic J= 1 +0 transition was measured at the L]niversity of British ~olumbia. ]n

addition to the transitions, Tables 1 through 4 include. the fitted observed minus calculated,

the lower state energy in wavcnumbcrs,  and the log base 10 of the line intensity at 300 K,

1300, in units of nm2M}lz. The line intensity al temperature ‘1’ is given by

[’ 1/I ( T )  = (8713  I 3}1C)VI,<,  ‘ , s ,) (, / [ :  e -  “~~ –  c -  ~:37 ~lr,, ,

Where va~, ‘Sab, }~x, ~:”, ]?, and ~rs alc the tl{tllsition  frcc]~]ency,  ]inc st~C1lgth illC]Uding

the 2:1 A to H statistics, the dipo]c componcn{ along the x axis, lower and upper state

cncrgics,  and the rotation-spin partion function. For brevity, the line intensities given arc a

sum of all K parity transitions and the major hypcrfinc  components unless rcsolvccl, “1’bc

partition functions Q are given explicitly for each isotopomcr.  ~’here arc additional low J

transitions for all the isotopomers  rcportccl  in the litcratLlrc;  however, they were found to bc

of lower resolution and contained no ncw information.

The analysis incluclcd  the effects of l’~N c]L]:i(iILlpoIc  and the spin rotation coupling

where resolved, but none. of these.  effects were observed in the submillimctcr  region. “J’hc

C31~~N lines clicl appear to broaden somcwha( at K near J but no splittings coulcl be

resolved. l’hc normal spccics ground  state rota[ion and distortion constants cietcrmincci

WCrC B, DJ, IJJK, }IJ, IIJK, IIKJ, I.JJK, IJJK, tilld IJjKK. ‘1’hc rotation and distortion

constants cictcrmincd  for the three isotopic species were H, I>J, I)JK, 1 IJK, ancl 1 IKJ. “1’he

rotation and distortion constants alol)g with the l’tN quadmpolc  ant] spin rotation constants

derived from the fit arc givcm on Table 5, Additional constants were fixccl  to the. normal

spccics  val Llcs ancl are discusscc]  in (hc following section.

4. l)lS~~JSSION
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The rolatiomd constants A, IJK and 1 ]K cannot bc dctcmined  from the existing

microwave spectra and in general cannot bc cietcrminccl from microwave spectra in ~3v

molecules without the aid of a suitable rcsonancc; however, these values are nccdcd to

calcLtlatc  relative intensities and rotational energies. As a result, it is ncccssary  to usc the

A, DK anti I]K values dcterminccl  from the infrared spectroscopy of the V8, V7+V8, ancl

V7+V8-V8  ban~is  (Anttila  et al. 1993). ‘J’hc A values given in ~’able  5 for the isotopic spccics

were calculated by scaling the measured normal spccics A value by the ratio of A1l/Ai

(n=normal,  i=isotopomcr)  obtainccl  from the grouncl state average (r7) structure which

accounted for isotope effects on boncl lengths dctcrminccl by IIcmaison et al. (1979). 3’llc

measured ]]K constants for the normal spccics we.rc scalecl  by the ratio of the A’s squared.

The I IK constants were not scaled since the scaling is small  compared to the uncertainty in

this parameter.

in order to generate accurate predictions to over a ‘1’117,  the }]J values for 13C}13C:N

and ~.}]~~.]  ‘N were calculated  by scaling the normal species va]uc by the ratio of the ])J

constants to the 3/2 power. l’he 0131~~N  ]]J value was fixed to the ground state since the

] )J’s were app]’oxi]]~ak]y equal. ‘1’hc values of the l.JJK, I.JK, ancl 1,JKK constants arc

determined for the normal species, but only 1.JJK has a significant effect on the fit. These

constants were included to give a more realistic prediction of the transition frequency

unccrtianty  in the normal spccics and the transition frcqucncics  in the isotopomers  at higher

J zinc! K values. Since the values of these. parameters arc not particularly well determined,

the. isotopic spccics  1. constants were fixed to the normal spccics values.

‘J’hc uncertainty in the {~1 – C.; spin rotation parameter in ~113(N was greatly

affcctcd by the uncertainty assigned to the lowest J transitions; however, the value was

relatively inclcpcnclent  of the uncertainties used. II] the all the weighting schcmcs  tried, the

value variecl at most 25V0 of its quotecl  uncertainty. ‘1’hc C;,, -- (’, spin rotation parameter

could not bc clctcrmincd in either of the two 13[~ isotopomcrs  and was fixed to the main
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isotope, The 14N quaclrLlpole  was well  clctmnimd  for all thm isotopomers  containing

l’lN. q’he ~;ll parameter was dctcrmincd  for the main isotope and the two 13~ isotopes.

q’hc va]ucs of the constants dctcrmincd  shou]d prcciict  the spcctrLlm of 13~113~N,

~}13]~~N,  and CW~~lsN to WCII over 1 “1’11/ with the accuracy rec]uirec] to assign

interstellar spectra.
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Newly Measured CX13(;N  ‘1’ransitions

‘1’ransjtion Frequency Uncertainty Resic!ual lntensitya  Etmgyb
J“ K“ J’ K’ (Mllz) (kllz) (kll~) 10g(lMK)) CI1l- ‘

22 12 21. 12 403477.022 35 3 - 2 . 9 2 854.616
22 13 21 13 403284.99~  35 -3 - 3 . 5 1 9“/7.988
22 14 21. 14 4 0 3 0 7 7 . 9 6 9  3 5 8 - 3 . 8 4 1111.101
22 15 21 1.5 40’2856.002 35 -3 -3.8”1 1253.927
2’2 16 21. 16 402619.201 50 -6 - 4 . 5 4 1406.433
22 17 21 17 402367.656 60 -O - 4 . 9 5  1 5 6 8 . 5 8 8
22 18 21. 18 4 0 2 1 0 1 . 4 5 0  6 0 4 - 5 . 0 9 1740.356
22 19 21 19 4 0 1 8 2 0 . 7 0 5  8 0 31 - 5 . 8 9  1 9 2 1 . 7 0 2
22 20 21 20 401525.450 100 10 - 6 . 4 5  2 1 1 2 . 5 8 7
22 21 21. 2 1  4 0 1 2 1 5 . 8 0 0  1 5 0 -48 - 6 . 8 6  2 3 1 2 . 9 7 3
33 11 32 11 605186.502 90 16 -2.-14 922.741
33 12 32 12 604922.882 90 -5 - 2 . 6 8  1 0 3 6 . 2 6 6
33 13 32 33 604636.828 120 6 - 3 . 2 5  1 1 5 9 . 5 5 2
33 14 32 14 6 0 4 3 2 8 . 3 5 6  1 5 0 -45 - 3 . 5 4 1.292.573
33 1.5 32 15 603997.668 150 -- “14 - 3 . 5 5 1435.’298

.-

:~ Sec text, ‘J’hC partition fllnction to J=99 inc]uding the V~=] StatC alld thC

14N quaclrLlpole  multiplicity is Q,,=41077.6558.

b ‘1’eta] energy of the lower state.
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‘l’AT]I,]; 2 Gm(inued

Ncwlv Measured 13C31~(;N  ‘1’ransitions

Transition Frequency llnccrtainty Residual lntcnsitya  Iincrgyb
J“ K“ F“ J’ K’ F’ (M}lz) (k}lz) (kllz) ]og(]~()~)  Cl])-]

34 2 33 2
34 3 33 3
34 4 33 4
34 5 33 5
34 6 33 6
34 7 33 7
34 8 33 8
34 9 33 9

6 0 6 8 4 9 . 8 9 5  6 0 1 -3.37 354.062
6 0 6 7 9 3 . 4 1 4  6 0 -20 --1.13  3 7 8 . 9 0 4
606714.442 70 20 - 1 . 5 0  4 1 3 . 6 7 5
606612.910 70 1-/ - 1 . 6 0  4 5 8 . 3 6 7
606488.915 “/o 25 - 1 . 4 2 512.969
6 0 6 3 4 2 . 4 5 3  9 0 -13 - 1 . 8 6 577.470
606173.716 1.50 32 - 2 . 0 2 651.854
605982.507  150  -109 - 1 . 9 0 7 3 6 . 1 0 5

a Scc text. “J’hc pa~[ition  function to J=99 inc]uding the “N c]llaciI”LlpOIC

lllLllti]>licity  isQlS=3  1255.7298.

b Total energy of the lower state.

Notc:Fquantunl  ~lu~~~bersgivcl~ollly  ifrcsolvcd.
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Newly Measured C;1131~~N ‘1’ransitions

Transition Frequency lJnccrtainty  Residual lntcnsitya  Iincr-gyb
J ,, K“ J’ K’ (MII~.) (k117f) (k}lz,) log(l~~o) Clll- ‘

16 0 1 5 0
161151
36 2 1.5 2
163J53
18 0 1 7 0
18 1 1.7 1
1 8 2 1 7 2
183173
1 8 4 1 7 4
1 8 5 1 7 5
1 8 6 1 7 6
188178
1 8 9 1 7 9
18 10 1.7 10
18 12 17 11
18 12 17 12
2 4 0 2 3 0
24 1 2 3 1
2 4 2 2 3 2
2 4 3 2 3 3
2 4 4 2 3 4
24 5 2 3 5
24 6 2 3 6
24 7 2 3 7
24 8 2 3 8
24 9 2 3 9
24 1.0 23 10
24 11 23 11
24 12 23 12
33 0 3 2 0
3 3 1 3 2 1
3 3 2 3 2 2
33 3 3 2 3
33 4 3 2 4
33 5 3 ? , 5
33 6 3 2 6
33 7 32 7
33 8 3 2 8
33 9 3 2 9
.— ———.—.

294156.780
294151.143
294134.230
294106.059
330907.731
330901.388
330882.395
330850.714
330806.400
330749.431
330679.886
330503.047
330395.866
330276.191
330144.109
329999.670
441118.129
441109.700
441084.413
441042.329
440983.392
440907.691
440815.209
440706.000
440580.131
440437.610
440278.534
4401.02.907
439910.808
606279.403
606267.885
606233.319
606175.786
606095.255
605991.710
605865.318
605716.052
605543.999
605349.078

30 --11
30 -31
30 -15
30 -13
35 -4
35 -10
35 5
30 -6
40 1
40 - 3.6
40 )
40 -8
40 30
50 -3
60 0
70 11
45 0
45 -5
45 -22?
45 -J
45 -15
45 0
50 -3
60 - ‘1
60 0
60 ‘1
80 21

100 -4
120 -6

80 28
80 25
60 1
60 22

100 33
80 -13
80 ‘/

120 16
1?,0 41
).50 -68

-1.72
- 1 . 7 3
-1 .“17
-J.53
- 1 . 6 1
- 1 . 6 2
-3.66
-1.4’2
- 1 . 8 0
-2.91
- 1 . 7 3
- 2 . 3 7
-2.2”/
-2.81
-3.0-1
- 3 . 0 5
-1..4(1
-3.41
-1.46
- 1 . 2 0
--1.58
- 1 . 6 8
-1.50
- 1 . 9 4
-2.11
- 2 . 0 0
- 2 . 5 1
-2.’ /4
-2.”/1
-1.31
- 1 . 3 2
- 1 . 3 5
-1.11
- 1 . 4 8
- 1 . 6 8
-3.40
-1.84
- 2 . 0 0
- 1 . 8 8

7 3 . 5 9 8
78.564
9 3 . 4 5 8

118.279
93.835
9 8 . 8 0 0

113.694
138.512
173.250
217.900
2 7 2 . 4 5 ]
411.204
495.376
589.385
693.210
806.828
169.254
174.218
189.107
213.918
248.646
293.2,82
34”/.81”/
412.238
486.533-
570.677
664.659
768.454
882.039
323.”/24
328.684
343.564
368.360
403.068
447.677
502.180
566.562
640.810
724.906

a SCCtCxt.’J’hc  partitio1l  function  toJ=99  including,  the ‘AN quacirupole

nlultiplicit  yisQrS=30370.2787.
b Tots] energy of the lower state.
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Newly Measured  C113C; lsN “J’ransitions

Transition Frcqency  lJccrtainty  Rsidual lntcnsitya  l~ncrfiyb
J“ K“ J’ K’ (M}lz)- (kllz)- (k}lz) “ ‘“:

_—. —
1 0 0 0 17844.0556

17 0  1 6  0  3 0 3 2 7 9 . 4 5 6
17 1161 3032”/3.730
17 2 16 2 303256.554
17 3 16 3  3 0 3 2 2 7 . 9 3 6
18 0 17 0 321110.459
28 1171 321104.397
18 2 17 2 321086.224
18 3 17 3 321.055.917
18 4 17 4 321013.553
18 5 17 5 320959.067
18 6  17 6  3 2 0 8 9 2 . 5 6 4
18 7 17 7  3 2 0 8 1 4 . 0 0 ” /
2.8 8 17 8  3 2 0 7 2 3 . 4 4 5
18 9 1“1 9  3 2 0 6 2 0 . 9 1 6
18 !0 17 20 320506.465
18 11 17 11. 3 2 0 3 8 0 . 1 4 4
18 12 17 12 320241.988
?,2 o 21 0  3 9 2 4 1 8 . 2 7 1
22 1 21 1  3 9 2 4 1 0 . 8 7 5
22 2 21 2 392388.704
22 3 21. 3 392351.738
24 0 2 3 0 428061.256
24 1 23 1 .  4 2 8 0 5 3 . 1 9 5
24 2  2 3  2  4 2 8 0 2 9 . 0 3 3
24 3 2 3 3 427988.762
24 4 23 4 427932.413
24 5 23 5  4 2 7 8 5 9 . 9 7 8
24 6 23 6 427771.552
24 7 2 3 7 427667.109
24 8  2 3  8  4 2 7 5 4 6 . 6 9 3
24 9 2 3 9 427410.352
34 1 33 1 606128.257
34 3 3 3 3 606037.612
34 4 33 4 605958.259
34 5 33 5  6 0 5 8 5 6 . 3 6 3
34 6  3 3  6  6 0 5 ” / 3 1 . 8 9 5
—.
a Sectcxt,  ‘1’repartition function toJ=99  is <)r~=10431 .6539.

b ‘] ’otal ~llcrgY Of the lower statC.

7 -8
30 4
30 3
30 2
30 2
30 -1
30 -3
30 2
30 -16
30 6
30 -12
30 11
40 32
45 9
40 3
50 -1
65 4
80 2
35 - 3
35 - 5
35 1
35 -34
40 -o
40 -4
40 1
40 -1
40 3
50 -3’/
40 4
50 6
50 -11

100 -46
80 -8
60 33

320 -21
120 8
120 19

log(l~()()) cm- ‘

- 5 . 2 0
- 1 . 6 9
- 1 . 7 0
-1. ”/4
- 1 . 5 0
- 1 . 6 4
- 1 . 6 5
--1.69
-1..44
- 1 . 8 3
- 1 . 9 3
- 1 . 7 6
- 2 . 2 2
- 2 . 4 0
- 2 . 3 0
--2.83
- 3 . 0 9
- 3 . 0 8
-1.51
- 1 . 5 2
-1.56
-1.31
-1.42
- 1 . 4 3
-1.46
- 1 . 2 2
- 1 . 6 0
- 1 . 7 0
- 1 . 5 2
-1.97
- 2 . 1 3
-2.02
--1 .34
-1.32
-3.50
- 1 . 5 9
-1.41

0 . 0 0 0
80.940
85.915

100.838
1.25.706

91.057
96.031

310.954
~35.820
170.626
215.362
270.019
334.585
409.044
493.381
587.575
692 .60-/
805 .453
124.974
129.948
144.868
169.732
164.243
269.216
184.134
208.994
243.790
288.514
343.1.56
407.704
482.142
566.455
338.736
378.488
413.262
457.958
512.565
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Gmparison  of I)crive.d  Gmstants—

C113CN l~C113CN C1131~CN C113CJ5N
Ckmstant Value’ (Ml lz) Valuea (M}l~) Va]uca (M}lz) Valu@ (Mllz)

A 158099,063(78)b 158107.7’ 158093.3~ 158107.7~

11 9198.899485(64) 8933.30910(43) 91 94.350598(266) 8922.03905(47)

])Jx]03 3.807622(110) 3.62479(36) 3.810165(268) 3<55554(47)

l )JKx I O 1.774104(45) 1.68179(48) 1.766873(206) 1.689689(286)

] )K 2.8318 (45)b 2.8332’ 2.8297C 2.8332C

}]Jx]O1° -2.611(147) -2.426c -2.61 1~ -2.35@’

IIJKX107 10.2354(290) 8.64(59) 10.240(1 17) 9.688(231)

}lKJxIO~ 6. 104(49) 5.33(50) 6.062(144) 5,762(170)

]1KX103 O. 156(72)h 0.156~ 0.1S6C o.15@’

I.JJKxIOIZ  -7.12(31) -7.12C -7.12C -7, ]2c

I,JKxIO1] -5.6(14) -5.6c -5.(5C -5.6c

l.JKKxIOIO -5.2(10) -5.2C -5.2C -5.2C

1.5xcQq -6.33745(63) -6.3329(86) -6.3286(35) NIA

qlxlo~ -3.08(84) -3.08c -3.08c N/A

~:11- ~:,xlos 2.223(125) 2.43(151) 2.62(57) N/A

}[() l)ebyc 3.92197(13)~ 3.92197C 3.92197C 3.9256(7)’

a Oj~C standard d~viatioll in units of]ast clccimal place given.
b ~~ixe[]  va]Lle from Anttila et al. (1 993).
c l;l XCC] C:llculated  value scc text.
Cl] Fixc(]va]Llc  frol~~Ga(lhiet:~l.  (1995).
c Fixed  value from Mite, Sakai,  & Katayama (1984).
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